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(54) Composite tension/compression strut

(57) A composite filament-wound shaft with an end
fitting mounted on an interface region on at least one end
of said shaft, wherein in said interface region filaments
of the filament-wound shaft are angled with respect to
the shaft axis such that they follow a path with a radial
component and have been cut so as to expose the ends
of said filaments in said interface region; and wherein
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said end fitting comprises a helical thread engaging with
said interface region. The helical threaded engagement
provides excellent load transmission of axial forces and
is therefore well suited to tension and compression ele-
ments. The joint provides a low cost and low weight in-
terface.
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Description
Technical Field

[0001] This disclosure relates to transmission shaft
joints for joining end fittings to composite transmission
shafts, in particular tension/compression transmission
shafts or struts.

Background

[0002] Filament wound structures such as composite
transmission shafts are typically formed by winding fila-
ments such as carbon fibres around a mandrelin a helical
fashion so as to build up a tube shaped shaft. The angle
of the helical winding influences the properties of the
shaft. For example, windings approaching 45 degrees
have higher torsional properties and those higher than
45 degrees have greater properties in the hoop direction.
About 45 degrees is generally optimal for torque trans-
mission.

[0003] Creating regions that sustain bearing loads re-
quired for a tension/compression strut would be problem-
atic with a purely composite solution, so it is desirable to
be able to attach metallic ends to a shaft. Forces are then
transmitted through such end fittings which are typically
mechanically attached to the ends of the shaft.

[0004] It is desirable that the joint between the shaft
and the end fittings be structurally efficient so as to min-
imise weight while ensuring good force transmission and
good joint robustness.

[0005] One problem with attaching end fittings onto
composite filament-wound shafts is ensuring that the
load transfer between the end fittings and the shaft is
distributed amongst all filament layers. The thickness of
the shaftis typically built up from a large number of layers
of helically wound filaments. Attaching an end fitting to
the shaft by a simple mechanical press fit over the shaft
would result in the end fitting interfacing only with the
outermost plies. The load transfer between plies would
then be reliant on the interlaminar shear strength of the
laminate to distribute the load to adjacent plies, leading
to a weaker component.

[0006] US 2012/0060636 A1 describes a clamping-
type joint in which the composite fibres are trapped be-
tween a nut located inside the tube of composite and an
external collar that surrounds the tube of composite. A
threaded end fitting component can be used to move the
nut and the collar closer together, thus clamping the shaft
fibres therebetween.

[0007] US 2006/0258469 A1 describes a method of
forming a composite shaft such that an internally splined
end fitting can be axially press fit over the shaft with good
torsional load transfer properties. US 2008/0012329 A1
describes a particularly advantageous spline profile for
this joint.
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Summary

[0008] According to this disclosure, there is provided
a composite filament-wound shaft with an end fitting
mounted on an interface region on at least one end of
said shaft, wherein in said interface region filaments of
the filament-wound shaft are angled with respect to the
shaft axis such that they follow a path with a radial com-
ponent and have been cut so as to expose the ends of
said filaments in said interface region; and wherein said
end fitting comprises a helical thread engaging with said
interface region.

[0009] The end fitting is typically metallic (although it
could be formed from any suitable material) and typically
has a cylindrical attachment portion on which the thread
is provided and a flanged portion to which external com-
ponents are attached so that the shaft may act as an
actuator rod or other force transmission component. It
will be appreciated that the joint described here may be
used in a wide range of applications, wherever ten-
sion/compression elements, etc. may be used. Some ex-
ample applications include aerospace applications such
as piston rods, struts, control actuators, etc.

[0010] Mounting the end fitting to the composite shaft
via a helical thread makes the joint more suitable for
transmitting axial forces than a joint that is engaged via
axial splines onto the interface region. This helical at-
tachment thus forms a tension/compression joint that is
more suitable for shafts that transmit tension and/or com-
pression forces.

[0011] The angling of the filaments in the interface re-
gion followed by cutting or grinding to expose the filament
ends ensures that all, or most layers of the helical plies
of fibres that form the shaft are engaged with the end
fitting, thus ensuring excellent load sharing of forces be-
tween the end fitting and the shaft. Distributing the ap-
plied forces across more fibres, in particular across more
fibre plies of the shaft greatly increases the strength of
the joint. During the mounting process, the helical thread
is driveninto the composite shaft, between the fibre ends,
compressing the fibres and thus forming a very strong
attachment. As more of the thread engages with the in-
terface region the strength of the joint increases. The
thread cuts into and removes material from the composite
shaft. To maximise the efficiency of force transfer in the
axial direction (i.e. for tension/compression), it is desira-
ble to make the thread is perpendicular as possible to
the shaft axis. However, this has the effect of increasing
the amount of cutting required to fully screw the endfitting
onto the shaft.

[0012] The joint is structurally efficient in terms of its
strength to weight ratio. The fitting can be formed as a
single piece, and can use less material (e.g. less metal)
and less composite in the joint region compared with oth-
er joining techniques. This also reduces cost and is sim-
ple to manufacture and assemble.

[0013] The end fitting may further comprise one or
more grooves across the helical thread that break the
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helical thread into a plurality of part-helices. In some pre-
ferred examples, the grooves may be axial grooves or
they may be helical grooves. The grooves have the ad-
vantage of reducing the torque required to affix the end
fitting. The grooves allow debris that is cut from the in-
terface region by the threads to be accommodated within
the grooves, thus either finding a path out of the joint
completely, or at least not further obstructing or resisting
the mounting process. Any number of such grooves may
be used providing sufficient threaded engagement re-
mains to keep the joint parts securely fixed together and
to ensure effective load transfer across the joint. In some
examples four axial grooves across the helical threads
are provided, e.g. every 90 degrees around the shaft.
[0014] A multi-start thread may be used on the end
fitting, i.e. one with multiple adjacent helices interleaved
with one another. However, in some preferred examples
the thread is a single-start thread. The multi-start thread
may have advantages in reducing the number of turns
required to mount the end fitting onto the shaft, but it also
requires a reduction in the angle between the threads
and the shaft axis (i.e. the threads must be less perpen-
dicular to the shaft axis) which, as discussed before di-
verges from the ideal, perpendicular arrangement.
[0015] The thread preferably has a profile that com-
prises a cutting tooth portion arranged to cut into the in-
terface region and a substantially flat land portion that
frictionally engages with the interface region. As the
thread forms a helix, an axial section through the thread
will exhibit alternating teeth and lands.

[0016] The thread profile may further comprise at least
one channel portion adjacent to the cutting tooth portion
to accommodate debris produced during a mounting
process. The channel portion may be provided between
the tooth portion and the flat land portion. Where axial
grooves are also formed across the thread, these chan-
nels will feed into the grooves, thus providing a route for
debris to escape or collect during the mounting process.
[0017] The interface region of the shaft may comprise
a ramp of hoop-wound fibres that increases in thickness
in the axial direction of the shaft towards the end of the
shaft, and helical-wound fibres wound over the ramp. The
hoop-wound fibres can easily be wound so as to accu-
rately build up the profile of the ramp at the desired gra-
dient, forming a conical wedge shape with its thickest
part at the edge of the shaft. During forming of the shaft,
the hoop section may be formed on a mandrel first. The
rest of the shaft is then formed using helical wound fibres
as normal, but in the region of the ramp part, the fibres
are redirected radially outwardly so as to splay outwards
towards the end of the shaft. After the shaft has been
built up to a desired thickness, the end (above the hoop-
wound ramp) will be thicker than the middle of the shaft.
This thicker section is then ground down to a similar di-
ameter to the rest of the shaft. As the fibres in this region
are not parallel to the shaft, the grinding (or more gener-
ally any material removal process) step exposes the ends
of fibres from lots of different plies of the composite shaft.
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When the end fitting is attached to overlap this interface
region, the end fitting becomes engaged with all of these
plies and thus shares its load transmission between all
of those plies rather than concentrating load on a smaller
number of surface plies. Preferably the helical-wound fi-
bres over the ramp have been cut or ground parallel to
the axis of the shaft to expose the fibre ends and form
the interface region.

[0018] According to another aspect of this disclosure,
there is provided a method of mounting an end fitting
onto a composite filament-wound shaft, the end fitting
comprising a helical thread; the shaft comprising an in-
terface region in which filaments of the filament-wound
shaft are angled with respect to the shaft axis such that
they follow a path with a radial component and have been
cut so as to expose the ends of said filaments in said
interface region; the method comprising screwing said
end fitting onto said shaft.

[0019] All of the preferred features of the end fitting
and shaft that have been described above naturally also
apply to this aspect of the disclosure.

[0020] According to another aspect, this disclosure
provides an end fitting for mounting onto a composite
filament-wound shaft, said end fitting comprising an in-
ternal thread arranged to cut helically into an interface
region on the end of said filament-wound shaft during
mounting.

Brief description of drawings

[0021] One or more non-limiting examples will now be
described, by way of example only, and with reference
to the accompanying figures in which:

Fig. 1 illustrates an end fitting joined to a composite
shaft;

Fig. 2 shows the interface of the joint in more detail;
Fig. 3 illustrates a shaft construction;

Fig. 4 illustrates an interface in the process of being
joined; and

Fig. 5 shows an end fitting with axial grooves across
the internal thread.

[0022] Composites can be made very structurally effi-
cient (i.e. a high strength to weight ratio), however this
efficiency is usually reduced in interfacing with metallic
elements which may be required, e.g. for connection to
other devices or equipment. A structurally efficient ten-
sion-compression joint has applications in struts, control
linkages and rods.

[0023] Fig. 1showsatension-compression joint 1 com-
prising a composite shaft 2 with a metal end-fitting 3
mounted thereon. The end-fitting 3 may be connected to
other equipment via bolts 4 through flange 5. End-fitting
3 also has a cylindrical attachment part 6 which is inter-
nally threaded with a helical thread and with an internal
diameter closely matched to the outer diameter of the
shaft 2. It will be appreciated that "closely matched" may
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mean exactly the same size, very slightly larger (to allow
movement) or very slightly smaller (to create compres-
sion upon fitting). The exact choice of internal and exter-
nal diameters will depend upon the materials used, the
intended use of the shaft and the forces expected to be
transmitted therethrough.

[0024] Thedetailed view of Fig. 2 shows thatthe thread
profile is made up of teeth 7 and flat lands 8. The end-
fitting 3 shown in Fig. 2 is a single-start thread so the
multiple teeth 7 shown in Fig. 2 are in fact all part of the
same helical thread. Similarly, all of the flat lands 8 are
part of the same helical thread.

[0025] Fig. 3 illustrates the construction of the shaft 2.
Fig. 3 is somewhat schematic in nature as it shows the
plies 10a-e much larger than in a real example. Also, the
plies 10 in Fig. 3 do not illustrate that the individual fila-
ments are helically wound, which would almost certainly
be the case in real implementations.

[0026] The shaft 2 illustrated in Fig. 3 is made up of 5
plies 10 (individually labelled 10a-10e). At the end of the
shaft 2, a conical ramp 11 has been formed from hoop-
wound fibres with the ramp’s thickness building up to-
wards the end of the shaft 2 so that it is thickest at the
end. The helical wound plies 10 are then wound on top
of the ramp 11. As can be seen in Fig. 3, as the plies 10
pass over the top of the hoop wound ramp 11, they splay
radially outwardly (i.e. the hoop 11 causes them to follow
a path with a radial component rather than purely axial
and circumferential components). The joint interface re-
gion 12 has been formed by grinding down the thicker
portion of helical plies 10 over the ramp 11 so as to con-
form the thickness with the rest of the shaft (although
conformity of thickness is not essential). This grinding
process has led to exposure of the ends of the individual
plies 10a-10e such that all of those plies 10a-10e inter-
face with the threads 7 of end-fitting 3. As the threads of
end-fitting 3 interface with all of the plies 10a-10e, forces
are transmitted between the end-fitting 3 and the shaft 2
via all of the plies 10a-10e rather than only through sur-
face plies 10a and possibly 10b (which would be the case
in the absence of the ramp 11).

[0027] The threaded engagement of the shaft 2 and
end-fitting 3 means that the threads provide excellent
force transmission in the axial direction so that the joint
is particularly suited to tension and compression force
transmission. This means that the joint reacts the shear
loading at the interface most effectively in the axial rather
than the circumferential direction. The joint will still have
an adequate transmission in the circumferential direction
(e.g. for incidental torsional loads), but is more ideally
suited to axial loads. Due to the thread, the joint will resist
torsional loads in one sense (the tightening sense of the
thread) more than the opposite sense (the loosening
sense of the thread). The joint is also structurally efficient
in that it achieves an excellent bond between the shaft 2
and end-fitting 3 with a relatively small quantity of metal,
thus reducing weight and cost. The joint is also mechan-
ically simple to manufacture and join in that it can be
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made as a single component.

[0028] Assembly of the joint is carried out by way of
turning the end fitting 3 relative to the shaft 2 whilst al-
lowing the end fitting 3 to move axially relative to the shaft
2. This may be improved further by forcing the end fitting
3 to move axially at the pitch of the thread, i.e. driving
the end fitting 3 to move at an axial rate of one thread
pitch per full rotation so that its driven axial movement
exactly matches the rate that would be induced by the
thread.

[0029] Fig. 4 shows an end fitting 3 part way through
mounting onto shaft 2. Arrows 20 indicate an axial driving
force applied to the endfitting 3 so as toinduce movement
at a rate matching the natural movement rate of the
thread, i.e. driving the end fitting at an axial rate of one
thread pitch per full rotation around the shaft axis.
[0030] Fig. 5shows an end fitting 3. The threads 7 are
interrupted by axial grooves 22 that provide passages
for material cuttings to be held or even to pass along the
grooves 22 and out of the joint. Any number of axial
grooves 22 may be provided, although four are illustrated
in Fig. 5.

Claims

1. A composite filament-wound shaft with an end fitting
mounted on an interface region on at least one end
of said shaft,
wherein in said interface region filaments of the fila-
ment-wound shaft are angled with respect to the
shaft axis such that they follow a path with a radial
component and have been cut so as to expose the
ends of said filaments in said interface region; and
wherein said end fitting comprises a helical thread
engaging with said interface region.

2. Ashaftasclaimedinclaim 1, wherein said end fitting
further comprises grooves across the helical thread
that break the helical thread into a plurality of part-
helices.

3. A shaftas claimed in claim 2, wherein said grooves
are axial grooves or helical grooves.

4. A shaft as claimed in claim 2 or 3, comprising four
axial grooves across the helical threads.

5. A shaft as claimed in any preceding claim, wherein
the thread is a single-start thread.

6. A shaft as claimed in any preceding claim, wherein
said thread has a profile that comprises a cutting
tooth portion arranged to cut into said interface re-
gion and a substantially flat land portion that friction-
ally engages with said interface region.

7. A shaft as claimed in claim 6, wherein said profile
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further comprises at least one channel portion adja-
cent to said cutting tooth portion to accommodate
debris produced during a mounting process.

A shaft as claimed in any preceding claim, wherein
the interface region of the shaft comprises a ramp
of hoop-wound fibres that increases in thickness in
the axial direction of the shaft towards the end of the
shaft, and helical-wound fibres wound over said
ramp.

A shaft as claimed in claim 8, wherein said helical-
wound fibres over said ramp have been cut or ground
parallel to the axis of the shaft to expose the fibre
ends and form said interface region.

A method of mounting an endfitting onto a composite
filament-wound shaft,

the end fitting comprising a helical thread;

the shaft comprising an interface region in which fil-
aments of the filament-wound shaft are angled with
respect to the shaft axis such that they follow a path
with a radial component and have been cut so as to
expose the ends of said filaments in said interface
region;

the method comprising screwing said end fitting onto
said shaft.

A method as claimed in claim 10, wherein the end
fitting is driven axially at a rate equal to one thread
pitch per rotation.
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